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ALTERNATE SET OF REGISTERS TO SERVICE 
CRITICAL INTERRUPTS AND OPERATING SYSTEM TRAPS 

Philip A. Bourekas 

FIELD OF THE INVENTION 

The present invention relates to a microprocessor based electronic system 
and in particular to servicing exceptions including hardware interrupts and 
operating system calls. 



BACKGROUND 

Conventional digital computers execute tasks by executing sequences of 
related instructions that access or modify the contents of a set of registers and 
memory cells. Occasionally, during execution of a sequence of instructions an 

15 exception occurs, such as an interrupt or operating system calls (traps), which 
requires the operating system to immediately respond. A processor may receive 
exceptions from a number of sources, including translation lookaside buffer (TLB) 
misses, arithmetic overflows, and I/O interrupts. Conventionally, when an 
exception is detected, the normal sequence of instructions is suspended while the 

2 0 processor deals with the exception. The use of exceptions and exception 
processing is well known in the art of computer architecture. 

Fig. 1 is a flow chart 10 of processing an exception in a conventional 
manner. As shown in Fig. 1, when an exception is asserted (block 12) the 
exception is decoded and execution diverted (using an exception "vector") to a new 

2 5 location that is designated for handling exceptions (block 14). The processor 

and/or system software must determine the priority of the exception (block 16) 
particularly if there are multiple exceptions, in which case the highest priority must 
be dealt with first. The execution of the original task is suspended and the key 
processor "state" information must be preserved in main memory (block 18) so that 

3 0 once the exception is serviced, the original task may be resumed. The exception is 

then serviced (block 20). After the exception is serviced, the processor must 
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restore the original "state" information that was earlier preserved (block 22). The 
execution of the original task is then resumed (block 24). 

Typically, in an embedded real-time system, a number of exceptions, with 
varying levels of importance, i.e., priority, must be managed. As can be seen in 
5 Fig. 1, decoding the exception, determining priority, and preserving the state of the 
system, present a large amount of overhead in servicing exceptions. 

One conventional strategy implemented in processors to speed operation, 
typically when handling multiple exceptions, is called "nesting". To reduce the 
amount of time spent in prioritization of multiple interrupts, a processor may use a 

1 0 fixed set of priorities. When a higher priority interrupt is signaled (higher than the 
current executing program), the processor suspends execution and automatically 
preserves the entire processor state into an area of memory referred to as the 
"stack". Unfortunately, as processors have developed, the amount of state 
information has grown such that saving all processor state, regardless of need, is an 

15 undue burden. Consequently, stacking in current processors actually degrades 
performance due to the amount of state information that must be stacked. 

Another technique employed to service exceptions includes register 
windows, which help minimize the time spent doing "context switching." In a 
register window approach, windows are made available by periodically allocating a 

2 0 set of registers from a larger physical set when a subroutine is called or an 
exception is signaled. Unfortunately, depending on the number of physical 
registers and the program, register "spills" may occur during which there are not 
enough registers to handle the exception. Consequently, prior windows have to be 
written into main memory to create a new window resulting in a degradation in the 

2 5 performance. 

Thus, what is needed is a technique to minimize the overhead associated 
with servicing an exception to speed the handling of exceptions and to separate 
especially critical exceptions from normal priority exceptions. 



-2- 



568727 vl 
M-7949 US 

SUMMARY 

In accordance with an embodiment of the present invention, a processor 
includes a set of general purpose registers and a set of "alternate", but otherwise 
general purpose, exception registers, e.g., eight registers, that are switched for a 
5 subset of general purpose registers and are used while servicing specific 

exceptions. The set of exception registers is dedicated for servicing high priority, 
i.e., critical, exceptions. The processor may provide a dedicated vector, which, 
when used, also turns on the set of exception registers for an asserted exception. 
Software conventions, such as an API, can allocate different portions of the set of 

1 0 exception registers or different sets of exception registers for servicing different 

types of exceptions, such as interrupts operating system calls (traps), while separate 
dedicated vectors may be used for the interrupts and the operating systems calls. 

In one embodiment, select logic circuits may be used to enable and disable 
the general purpose registers and the exceptions registers. Thus, for example, a 

15 select logic circuit coupled to the exception registers may receive an exception 
register active bit from the opcode of the instruction, while a select logic circuit 
coupled to the general purpose registers may receive an inverted exception register 
active bit from the opcode. Thus, one of either the general purpose registers and 
the exception registers will be enabled and one disabled. The select logic circuits 

2 0 may also receive the same register address bits from the opcode of the instruction. 

In accordance with another embodiment of the present invention, a method 
of interrupting the execution of a task for servicing an exception in a processor, 
includes asserting an exception, diverting execution to a vector address and 
activating logic to use the exception alternate registers, rather than general purpose 

2 5 registers, servicing the exception using the set of exception registers and swapping 

out the exception registers for the general purpose registers before resuming 
execution of the original task. Because servicing the exception now utilizes the 
exception registers without disrupting the state of the interrupted task, there is no 
need for explicit state management prior to servicing the exception. The processor 

3 0 may automatically activate exception registers and use dedicated vectors with the 

exception registers. The dedicated vector may be used for high priority, i.e., 



-3- 



568727 vl 
M-7949 US 



critical, exceptions, while another vector, for exceptions which use the general 
purpose registers, is used for exceptions with a lower priority. In addition, the 
method may include providing separate dedicated vectors for high priority 
interrupts and high priority operating system calls, while another vector is used 
5 with the general purpose registers for lower priority exceptions. 

Because the exception registers are automatically activated for fast 
exceptions, there is no need to determine the priority of the exception. With the 
use of a dedicated vector or dedicated vectors for interrupts and operating system 
calls, there is no need to decode the exception. Advantageously, during the 
1 0 servicing of the exception, the values of the exception registers may be modified, 
without disrupting the state of the interrupted task. Thus, because a set of 
dedicated exception registers are swapped in for the general purpose registers to 
service an exception, there is no need for explicit state management prior to and 
subsequent to servicing the exception. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a flow chart of a conventional process used to service to an 
exception. 

Fig. 2 is a block diagram of register files showing the programmers view of 
2 0 the processor register file under the invention while servicing the high priority, i.e., 
critical, exceptions and/or normal exceptions in accordance with an embodiment of 
the present invention. 

Fig. 3 shows a block diagram of a circuit, in accordance with an 
embodiment of the present invention, using a set of general purpose registers and 
2 5 an alternate set of dedicated exception registers. 

Fig. 4 is flow chart showing the process of handling an exception in 
accordance with the an embodiment of the present invention. 

Fig. 5 is another flow chart showing the process of servicing an exception 
in accordance with an embodiment of the present invention 

30 
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DETAILED DESCRIPTION 

A processor, in accordance with an embodiment of the present invention, 
speeds the service of high priority, i.e., critical, exceptions, such as interrupts and 
operating system calls (traps), by providing an alternate set of registers for the 
5 service routine to use while servicing the exception. By providing alternate 
registers to service the exception, the entire CPU instruction set is available to 
service the exception and there is no overhead for state preservation or recovery at 
the beginning and end of servicing the exception. Moreover, if the exception is 
one in a series, such as receiving cells in a packet, intermediate results, e.g., for a 

1 0 current subset of the packet, do not need to be pushed to memory and other 

information, while other incoming parameters and outgoing results, can be made 
available to the exception service routine and to the rest of the software 
environment, without operating system traps or exceptions. 

A processor, in accordance with an embodiment of the present invention, 

1 5 divides exceptions into two levels: "normal" for lower priority exceptions, and 

"fast" for high priority or critical exceptions. Normal exceptions are dealt with in a 
conventional way, such as using a conventional software approach. Software 
decodes the current exception, applies its own prioritization rales and relies on 
software to save as little or much of the state information as required for the current 

2 0 exception. 

A fast exception has a higher priority than a normal exception. In other 
words, if both are asserted at the same time, the fast exception is recognized and 
serviced first. The servicing of normal exceptions is not pre-empted by fast 
exceptions. Fast exceptions are serviced with a set of exception registers that 

2 5 automatically replace at least a subset of general purpose registers and a dedicated 

vector is used to begin exception service. Thus, fast exceptions are automatically 
separated from normal exceptions. 

Fig. 2 is a block diagram showing the programmers view of the processor 
register files 100 showing the servicing of fast exceptions and normal exception in 

3 0 accordance with an embodiment of the present invention. While executing tasks 

and during operation on "normal" exceptions, general purpose registers GP(31:16) 
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102, GP(15:8) 104, and GP(7:0) 106 are used, as indicated by arrows 103 and 105. 
In accordance with an embodiment of the present invention, however, a set of 
dedicated fast exception registers ER(15:8) 108 are included as an alternate to the 
set of general purpose registers GP(15:8) 104. Thus, during a fast exception, 
5 general purpose registers GP(15:8) 104 are swapped out for exception register 
ER(15:8) 108, as indicated by arrows 107, 109. 

With the use of a set of fast exception registers ER(15:8) 108, there remains 
a number, e.g., 24, of other registers available so that the exception handler, 
operating system, and user tasks can share data without being required to go to 

1 0 memory to obtain the rest of the system state. In an embodiment of the present 
invention, interrupts and traps may be allocated to different portions of the set of 
exception registers, e.g., half the exception registers may be allocated to the fast 
interrupts while the other half of the exception registers are allocated to the fast 
traps. Alternatively, different sets of exception registers may be used for fast 

1 5 interrupts and fast traps. 

It should be understood that the specific number of registers shown in Fig. 
2, including the number of exception registers ER(15:8) 108 is illustrative, and any 
number of registers may be used. Further, if desired, multiple alternate sets of 
exception registers may be used. Thus, multiple exceptions may be mapped to 

2 0 multiple exception registers, e.g., exception (1) is mapped to a first set of alternate 
exception registers, exception (2) is mapped to a second set of alternate exception 
registers, etc.... Moreover, separate interrupt and trap vectors may be associated 
with each alternate set of exception registers. Cache locking may also be used to 
hold exception vectors. Cache locking is a method of marking certain cache lines 

2 5 such that they are not selected for replacement during cache refill. 

Because a set of alternate registers are swapped in during high priority 
exceptions, there is no need for explicit state management. In other words, the 
state of general purpose registers GP(15:8) 104 is maintained in those registers 
while the exception is serviced in the exception registers ER(15:8) 108. The 

3 0 exception handler can freely modify the values in the exception registers without 

disrupting the state of the interrupted task that is present in the general purpose 
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registers 104. Further, because the same set of alternate general purpose registers 
are used each time a fast exception is signaled, there is no possibility of a register 
window spill, and results can be preserved between exceptions. Thus, the 
operating system can use the values in the exception registers as intermediate 
results, thereby minimizing memory reads and writes at the beginning and end of 
exceptions, which are relatively costly in terms of performance. 

The alternate exception registers ER(15:8) 108 maybe substituted out, and 
general purpose registers GP(15:8) 104 back in, by a single instruction at the end of 
the exception handling. Consequently, the code that is required to explicitly restore 
the operating state of the register file at the end of the exception and to resume 
execution of the original task is eliminated. 

In addition, because a dedicated vector is used for fast exceptions, which 
have a higher priority than normal exceptions, fast exceptions are automatically 
separated from normal exceptions. Consequently, there is no need to decode the 
fast exception or to determine its priority. 

Fig. 3 shows a block diagram of a circuit 150, in accordance with an 
embodiment of the present invention, using exception registers 152, labeled as 
upper upper register bank 152 and general purpose registers 154, 156, and 158, 
labeled as lower upper register bank 154, upper lower register bank 156, and lower 
lower register bank 158, respectively. 

Each instruction can specify up to three registers; and a processor can be 
multiple issue (multiple instructions per cycle). Commonly, the processor register 
file supports numerous simultaneous read and/or write accesses. For example, a 
dual issue machine would need to support four read accesses and two write 
accesses per clock cycle into the register file, while control logic keeps the multiple 
writes, or a write/read pair, from interfering with each other. Each read or write 
"port" has logic to select the physical register that it is using. Thus, each port has 
"select" logic, which utilizes a register address field to pick the register out of the 
register "file". 

Thus, as shown in Fig. 3, registers banks 152, 154, 156, and 158 are each 
selected, via a port SEL that is coupled to a select logic, shown in Fig. 3 as AND 
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logic gates. Logic gate 160 controls the selection of upper upper register bank 152, 
i.e., the exception register, while logic gates 162 and 164 control the selection of 
lower upper register bank 154, logic gate 166 controls the selection of upper lower 
register bank 156, and logic gate 168 controls the selection of lower lower register 
bank 158. Low order bits of RegAddr pick the specific register within the bank. 
Each logic gate 160, 162, 164, 166, and 168 receives on input terminals (some of 
which are inverted, as shown in Fig. 3) the third register bit (RegAddr (3)) and the 
fourth register bit (RegAddr(4)). As indicated in Fig. 3, logic gate 162 enables 
registers 31 through 24 of upper lower register bank 154, while logic gate 164 
enables registers 23 through 16 of upper lower register bank 154. 

The register bits RegAddr(3) and RedAddr(4) come from the opcode for the 
instruction being executed. Thus, for example, the architecture of circuit 150 
supports a "3 operand" format, which is well understood by those of ordinary skill 
in the art, whereby an opcode can specify two source registers and a destination 
(e.g. reg(a) <- reg(b) op reg(c), where a, b, and c are register numbers (not 
necessarily different. . .)). Thus, the opcodes contain the specification of the 
register numbers, or register address. If desired, some processor architectures or 
implementations may implement performance techniques to cause the specification 
of the register numbers, or register address, that finally reach a register file to come 
from some buffering or control store, rather than the current instruction entering 
the pipeline. 

In accordance with the present invention, circuit 150 must also factor in 
whether the alternate exception registers, i.e., upper upper registers bank 152, are 
currently active. Thus, logic gates 160 and 166, which control the upper upper 
register bank 152 and upper lower register bank 1 56, respectively, also receive an 
exception register active bit (ExcRegAct). As shown in Fig. 3, logic gate 166, 
which controls the general purpose register upper lower bank 156, receives an 
inverted exception register active bit (ExcRegAct), and thus is disabled if the 
exception register active bit is high. Logic gate 160, which controls exception 
register upper upper bank 152, however, receives the exception register active bit 
(ExcRegAct), and thus is enabled when the exception register active bit is high. 
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Logic gates 162, 164, and 168 do not receive the exception register active bit 
(ExcRegAct) because the lower upper register bank 154 and lower lower register 
bank 158 do not care if the exception register is active. The exception register 
active bit (ExcRegAct) is set by a fast exception and cleared when the exception is 
5 returned from. 

Table 1 below summarizes the logic of circuit 150, where an "X" indicates 
"do not care". 
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10 Table 1 



It should be understood that the function of circuit 150 may be implemented 
in other ways. For example, an out of order architecture may implement a 
technique called "register renaming", whereby the current location of a given 

15 physical register may be dynamically moved in a larger, "virtually addressed" 
register file. In that case, the logic shown in Fig. 3 would be used to properly 
determine the virtual name of interest, and then provide a select signal as an input 
to the mapping logic for the register access, where an exception register active bit 
would choose an alternative virtual name from that chosen if the exception register 

2 0 is not active. 

Using the alternate set of exception registers, in accordance with the present 
invention, eliminates many of the conventional steps that must be performed by the 
system when handling an exception. Fig. 4 is flow chart showing the process 200 
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of handling an exception in accordance with the present invention. When an 
exception occurs, the control status register is set to an appropriate value depending 
on the type of exception (202). hi addition, a check is performed to determine if 
there is an exception within an exception. The processor is forced into Kernel 
5 Mode and interrupts are disabled. The base exception vector address bit (BEV) is 
then checked (204), which determines the base address as shown in blocks 206 and 
208. The process then checks to see if the fast interrupt is enabled (210) to 
determine the offset for the address. If the fast interrupt is enabled and signaled the 
offset is chosen, as shown in block 212, which swaps the exception registers 

1 0 ER(15:8) for the general purpose registers GP(15:8), as discussed in reference to 
Figs. 2 and 3. If the fast interrupt is not enabled or not asserted, the exception may 
be handled in a conventional manner, shown as Cause.IV in block 214, which 
decides between the offsets shown in blocks 216 and 218. The program counter 
(PC), which is the address of the current instruction, is then the base, as determined 

15 at blocks 204 plus the offset as determined at blocks 2 1 0 and 214. The exception is 
then diverted to the appropriate vector. 

Fig. 5 is another flow chart showing the process 300 of servicing an 
exception in accordance with an embodiment of the present invention. Once the 
exception is asserted (302), the process determines whether the exception is 

2 0 designated as "fast" (304). As discussed above, this may be accomplished by 

recognizing that the feature is enabled (a bit is set in a control register) and looking 
at the exception , and thus does not require explicit software decoding of the 
exception. If the exception is "fast", a set of general purpose registers are swapped 
with a set of exception registers (306). The exception is then serviced (308), which 

2 5 is followed by swapping out the exception registers (3 1 0) and resuming execution 

of the original task. 

If, on the other hand, the exception is not designated as "fast" as determined 
in step 304, the exception may be handled in a conventional manner. For example, 
as shown in Fig. 5, the exception is decoded (312), and priority is determined 

3 0 (314). The processor state information is preserved prior (316) prior to servicing 

the exception (318). Once the exception is serviced, the original state information 
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is restored (320) and the execution of the original task is resumed (322). Of 
course, any desired method of handling the exception, including software 
techniques, may be used if the exception is not designated as "fast". 

While the present invention has been described in connection with specific 
5 embodiments, one of ordinary skill in the art will recognize that various 

substitutions, modifications and combinations of the embodiments may be made 
after having reviewed the present disclosure without departing from the scope of 
the invention. The specific embodiments described above are illustrative only. 
Thus, the spirit and scope of the appended claims should not be limited to the 
1 0 foregoing description. 
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CLAIMS 

What is claimed is: 

1 . A processor comprising: 

a set of general purpose registers; and 

a set of exception registers that are switched for at least a subset of 
said set of general purpose registers when an exception occurs. 

2. The processor of Claim 1 , wherein said set of exception registers is a 
dedicated set of registers for servicing exceptions. 

3. The processor of Claim 2, wherein said set of exception registers is for 
servicing exceptions having a high priority. 

4. The processor of Claim 2, wherein said processor provides a dedicated 
vector to said set of exception registers for said exception. 

5. The processor of Claim 1, wherein there are at least eight exception 
registers. 

6. The processor of Claim 1 ? wherein a portion of said set of exception 
registers is for servicing interrupts and another portion of said set of exception 
registers is for servicing operating system calls. 

7. The processor of Claim 6, wherein said processor provides a first dedicated 
vector to software which uses said portion of said set of exception registers for 
interrupts and a second dedicated vector to software which uses said another 
portion of said set of exception registers for servicing operating system calls. 

8 . The processor of Claim 1 , further comprising: 
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a select logic circuit having a first input terminal that receives an 
exception register active bit and a second input terminal that receives a 
register address bit, said select logic circuit provides an output signal on an 
output terminal used to select between said set of general purpose registers 
and said exception registers. 

9. A method of interrupting the execution of a task and servicing an exception 
in a processor, said method comprising: 

asserting an exception; 

swapping a set of general purpose registers for at least one set of 
exception registers; 

servicing said exception using said at least one set of exception 
registers; and 

swapping out said exception registers for said set of general purpose 
registers and resuming execution of said task. 

10. The method of Claim 9, wherein said at least one set of exception registers 
is a dedicated set of exception registers. 

1 1 . The method of Claim 9, wherein servicing said exception using said at least 
one set of exception registers comprises modifying the values of the registers in 
said set of exception registers without disrupting the state of the interrupted 
task. 

12. The method of Claim 9, wherein said exception is a high priority exception, 
said method further comprising: 

providing a first vector and activating said at least one set of 
exception registers for said high priority exception; and 

providing a second vector and not activating said set of exception 
registers for lower priority exceptions. 
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13. The method of Claim 12, wherein said first vector is a dedicated vector and 
said providing said first vector automatically separates said high priority 
exception from said lower priority exceptions. 

5 14. The method of Claim 9, wherein said exception is a high priority exception 
and is either an interrupt or an operating system call, said method further 
comprising: 

providing a first vector and activating at least a portion of said 
exception registers for said high priority exception when said exception is 
10 an interrupt; 

providing a second vector and activating at least another portion of 
said exception registers for said high priority exception when said 
exception is an operating system call; and 

providing a third vector and not activating said set of exception 
1 5 registers for lower priority exceptions. 

15. The method of Claim 14, wherein said first vector and said second vector 
are dedicated vectors and said providing said first vector and providing said 
second vector automatically separates said high priority exception from said 

2 0 lower priority exceptions. 

16. An apparatus for executing tasks and servicing exceptions, said apparatus 
comprising: 

means for interrupting a task when an exception is asserted; 

2 5 means for servicing said exception without disrupting the state of 

the interrupted task; and 

means for resuming execution of said interrupted task. 

1 7. The apparatus of Claim 1 6, wherein: 

3 0 said means for servicing comprises a means for activating at least 

one set of exception registers; and 
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means for resuming execution of said interrupted task comprises a 
means for deactivating said exception registers and activating general 
purpose registers to resume execution of said task. 

5 18. The apparatus of Claim 17, wherein said means for activating comprises a 
first select logic circuit coupled to said set of general purpose registers and a 
second select logic circuit coupled to said at least one set of exception registers, 
said second select logic circuit receives an execution register active bit enabling 
said at least one set of exception registers and said second select logic circuit 
1 0 receives an inverted execution register active bit disabling said set of general 

purpose registers. 
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ALTERNATE SET OF REGISTERS FOR SPEEDING THE SERVICE OF 
CRITICAL INTERRUPTS AND OPERATING SYSTEM TRAPS 

Philip A. Bourekas 

5 

ABSTRACT 

A processor includes a set of general purpose registers that are used when 
executing generic tasks and a set of exception registers that is dedicated for 
servicing specific exceptions. When a task is interrupted with an asserted "fast" 

1 0 exception, the processor automatically diverts the exception to the dedicated 

exception registers using a dedicated vector. The dedicated vector and exception 
registers may be reserved for high priority, i.e., critical, exceptions. Because the 
exception registers are automatically activated for fast exceptions, there is no need 
to determine the priority of the exception. Further, high priority interrupts and high 

1 5 priority operating system calls (traps) may have different dedicated vectors and the 
set of exception registers may have a portion allocated for servicing interrupts and 
another portion allocated for servicing operating system calls. With the use of a 
dedicated vector or dedicated vectors, there is no need for software to decode the 
fast exception. Advantageously, during the servicing of the exception, the values 

2 0 of the exception registers may be modified, without disrupting the state of the 

interrupted task. Thus, because a set of dedicated exception registers are swapped 
in for the general purpose registers to service an exception, there is no need for 
explicit state management prior to or after servicing the exception. 
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Attorney Docket No:: M-7949 US 

DECLARATION FOR PATENT APPLICATION 
AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below adjacent to my name. 

I believe I am the original, first and sole inventor of subject matter (process, machine, manufacture, or 
composition of matter, or an improvement thereof) which is claimed and for which a patent is sought 
by way of the application entitled . 

ALTERNATE SET OF REGISTERS TO SERVICE 
CRITICAL INTERRUPTS AND OPERATING SYSTEM TRAPS 

which (check) [>(] is attached hereto. 

□ and is amended by the Preliminary Amendment attached hereto. 

□ was filed on as Application Serial No . 

□ and was amended on (if applicable), 

I hereby state that I bave reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information, which is material to patentability as defined in Title 
37, Code of Federal Regulations, § L5<5. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19(a><<I) of any foreign 
application^) for patent or inventor's certificate or any PCT international applications) designating at 
least one country other than the United States of America listed below and have also identified below 
any foreign application^) for patent or inventor's certificate or any PCT international applications) 
designating at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the applications) of which priority is claimed: 



Prior Foreign Application^) 


Priority Claimed 


Number 


Country 


Day/Month/Year filed 


Yes 


;.no - 


N/A 






□ ' ' 





I hereby claim the benefit under Title 35, United States Code, § 119(e) of any - United States 
provisional application^) listed below: 



Provisional Application Number 


Filing Date 


N/A 





I hereby claim the benefit under Title 35, United States Code, § 120 of any United States 
application(s) or PCT international applications) designating the United States of America listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
prior applicadon(s) in the manner provided by the first paragraph of Title 35, United States Code, § 
1 12, 1 acknowledge the duty to disclose information, which is material to patentability; as defined in 
Title 37, Code of Federal Regulations, § 1*56, which became available between the filing date of the 
prior application^) and the national or PCT international filing date of this application: 



Application Serial No. 


Filing Date 


Status (patented, pending, abandoned) 


N/A 
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Attorney Docket Nq : : M-7949 US 

I hereby appoint the following attomey(s) and/or agent(s) to prosecute this application and to transact 
all busaness in the United States Patent and Trademark Office connected therewith: 

Alan H. MacPherson (24,423); Brian D. Ogonowsky (3 1,988); David W. Heid (25,875); Norman R. 
Klivans (33,003); Edward C. Kwok (33,938); David E. Steuber (25,557); Michael Shenker (34,250); 
Stephen A. Terrile (32,946); Peter H. Kang (40,350); Ronald J. Meetin (29,089); Ken John Koesteer 
(33,004); OmkarK. Suryadevara (36,320); David T. Millers (37,396); Rent B. Chambers (38,839); 
Michael P. Adams (34,763); Robert B. Morrill (43,817); Michael J. Halbert (40,633); Gary J. 
Edwards (41,008); James E. Parsons (34,691); Daniel P. Stewart (41,332); Philip W. Woo (39^80); 
John T. Winbum (26,822); Tom Chen (42,406); Fabio E. Marino (43,339); William W. Holldway 
(26,182); Don C. Lawrence (31,975); Marc R. Ascolese (42^68); Carmen C. Cook (42,433); David 
G. Dolezal (41,71 1); Roberta P. Saxon (43,087); Mary Jo Bertani (42,321); Dale R. Cook (42,434); 
Sam G. Campbell (42,381); Matthew J. Brigham (44,047); Hugh H. Matsubayashi (43,779); Patrick 
D. Benedicto (40,909); TJ. Singh (39,535); Sbireen Irani Bacon (40,494); Rory G. Bens (44,028); 
George Wolken, Jr. (30,441); John A. Odozynsld (28,769); Cameron K_ Kerrigan (44,826); Kenneth 
C. Brooks (38,393); Paul E. Lewkowicz (44,870); Theodore P. Lopez (44,881); Mayaukknmar M. 
Dixit (44,064); Eric Stephenson (38,321); and > 

and Isabelle R. McAndrews (34,998). 



Please address all correspondence and telephone calls to: 

Michael J. Halbert > „ 

Attorney for Applicant <• 
SKJERVEX, MORRILL, MacPHERSON, FRAIMKIJN & FRBEL LLP 
25 Metro Drive, Suite 700 
San Jose, California 95110-1349 

Telephone: 408-453-9200 
Facsimile: 408-453-7979 

I declare that all statements made herein of my own knowledge are true, all statements made herein on 
information and belief are believed to be true, and all statements made herein are made with the 
knowledge that whoever, in any matter within the jurisdiction of the Patent and Trademark Office, 
O knowingly and willfully falsifies, conceals, or covers up by any trick, scheme, or device a material 
feet, or makes any false, fictitious or fraudulent statements or representations, or makes or uses, any 
false writing or document knowing the same to contain any false, fictitious or fraudulent statement or 
entry, shall be subject to the penalties including fine or imprisonment or both as set forth under IS 
ILS-C. 1001, and that violations of this paragraph may jeopardize the validity of the application or 
this document, or the validity or enforceability of any patent, trademark registration, or certificate 
resulting therefrom. 




Post Office Address: 3258 Delta Road Citizenship: U.S. 



San Jose, California 95135 
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